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ABSTRACT

Background :  Identifying risk factors in patients with intravenous immunoglobulin (IVIG)
resistance Kawasaki disease (KD) is vital in managing and preventing coronary
artery aneurysms (CAAs). We aimed to study the risk factors for IVIG resistance
KD in Malaysian children.

Methods :  This retrospective observational study of children with KD was conducted at two

tertiary hospitals in Malaysia from January 2014 to December 2019. Multivariable
binary logistic regression was used to analyze the risk factors associated with
IVIG resistance.

Results : A total of 174 patients, 118 males (67.8%) with a median age of 1.4-year-old
(interquartile range: 0.1-12.1-year-old), were analyzed. Early (<5 days)
and late (>10 days) IVIG treatments were observed in 14 (8.1%) and
19 (11.0%), respectively. Thirty-two patients (18.4%) had IVIG resistance. The
independent factors associated with IVIG resistance were high white cell count,
hypoalbuminemia, and extremities changes with an odd ratio of 4.7, 3.0, and
4.0, respectively. In addition, CAA was significantly higher in IVIG resistance
compared to IVIG responder patients (57.5% [19/33] vs. 23.4% [33/141], P < 0.001).
The sensitivity was high in Harada (93.8%) but low in Kobayashi and Egami (46.9%
and 34.4%, respectively). The specificity was high with Egami (79.6%) but low in
Harada and Kobayashi (22.5% and 64.1%, respectively).

Conclusion :  Leukocytosis, hypoalbuminemia, and extremities changes were independent
risk factors for IVIG resistance. The variation in sensitivity and specificity of the
Japanese scoring makes it unsuitable for predicting IVIG resistance in Malaysian
children.

Keywords :  Coronary artery aneurysm, intravenous immunoglobulin resistant, Kawasaki disease,
risk factor
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INTRODUCTION

Kawasaki disease (KD) is an acute medium-sized
vasculitis of unknown etiology with a predilection to
the coronary artery.lt?l KD prevalence is high in the
northeast Asian country, with an incidence of up to
308/100,000 in children under five.l® The diagnosis of
KD is based on clinical diagnostic criteria, and in patients
with incomplete criteria, coronary aneurysms, and
dilation from two-dimensional (2D) echocardiography
aid in the diagnosis.*"!

Timely treatment with intravenous immunoglobulin (IVIG)
has reduced the prevalence of coronary artery
aneurysm (CAA) significantly.l®) However, about
10%-20% of patients with KD had persistent and
recurrent fever after the completion of initial IVIG,
with a higher risk in males, early IVIG treatment, high
inflammatory marker, or liver dysfunction.[®!% In
addition, children with IVIG resistance are at a higher
risk for developing CAAs. In untreated patients, CAAs
developed in one in four KD.!'!

Several risk scores in Japanese children have been
developed to predict IVIG resistance.l'>!4 Japanese
scoring systems such as Harada,"> Kobayashi,*®! and
Egamil’”! have been validated in many countries with
various reported sensitivity and specificity.'#2% However,
these scores have not been validated among children
in Malaysia or other south Asian countries. Due to the
multiethnicity in Malaysia, we hypothesize that these
scores may not have a good sensitivity and specificity
in predicting IVIG resistance among Malaysian children.

Therefore, this study aims to study the risk factors for
IVIG-resistant KD in Malaysian children through clinical
manifestations and laboratory parameters.

METHODS

This retrospective observational study of children with
KD at Hospital Tunku Azizah Kuala Lumpur (HTAKL)
and University Malaya Medical Centre (UMMC) was
conducted between January 1, 2014, and December 31,
2019. HTAKL and UMMC are the tertiary referral center
for KD in Klang Valley. Klang Valley is home to 8.42
million population with six public and thirty private
hospitals. In addition, HTAKL and UMMC received
referrals from the public and private hospitals in Klang
Valley and refractory KD patients from other states in
Malaysia.

Data collection

The demographic, clinical, laboratory, and 2D
echocardiography data were retrieved from the
medical record from each center. Ethics approval
was obtained from the Medical Research and Ethics
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Committee, Ministry of Health Malaysia (National
Medical Research Register 18-3981-44812), and
UMMC Ethics Board (ID 2020116-8186). Patients with
incomplete data and without IVIG treatment were
excluded from the study.

Definition

KD was diagnosed based on recent guidelines by
McCrindle et al.l®! Briefly, a patient is considered to have
a complete KD if they have at least four and incomplete
KD if patients have less than four diagnostic criteria. CAA
was defined based on Z-score (Z-score >2.5) described by
Dallaire & Dahdah and was calculated using the Z-score
calculator.?'l The CAA was further divided into small,
medium, and giant aneurysms. IVIG resistance is defined
as persistent or recrudescent fever at least 36 h after the
completion of the first IVIG infusion.[??!

2D echocardiography was performed at the time of
diagnosis and reviewed by a pediatric cardiologist at
each center. All patients had a 2D echocardiogram
approximately 6-8 weeks after diagnosis and were
followed up regularly at 6-12 monthly intervals.

The risk score for each patient was calculated using
Harada, Kobayashi, and Egami scoring systems during
the study. The proportion of high-risk patients was
compared for each risk score. The Sano scoring system
is not used due to incomplete serum bilirubin data in
most patients.

The treatment for KD is based on the clinical practice
guideline in Malaysian pediatric protocol.?3! All
confirmed KD will receive a single infusion of 2 g/kg
of immunoglobulin over 10-12 h. The second infusion
of IVIG or intravenous methylprednisolone is used for
IVIG-resistant patients.

After completion of IVIG, patients received an
anti-inflammatory aspirin dose of 30-50 mg/kg/day
divided in 3-4 doses. Once the fever subsides for 48 h,
aspirin will be reduced to 5 mg/kg/dose daily. The
aspirin will be discontinued once the inflammatory
markers and platelet count have normalized and
echocardiography showed normal or resolved coronary
artery dilation during subsequent follow-up.

Statistical analysis

All data were analyzed with the Statistical Package
for the Social Sciences (SPSS) version 25 (IBM Corp.,
Armonk, NY, USA). Continuous data were expressed as
mean + standard deviation or median (interquartile
range [IQR]). Categorical variables were presented as
counts with percentages. Fisher’s exact test was used
to compare categorical data. Student’s t-test was used
to compare continuous data groups. Sensitivity and
specificity for each scoring system were calculated.
Receiver operating characteristic (ROC) curves were
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plotted for each prediction analysis and specificity
of each scoring system. Multivariable binary logistic
regression analysis was performed to identify the
independent risk factors for IVIG resistance. P <0.05 was
considered statistically significant.

RESULTS

There were 200 KD patients from both centers during
the study. However, 26 patients were excluded (21
incomplete data and five did not receive IVIG). The
median age of 174 KD patients included in the study
was 1.4 years old, ranging from 1 month to 12.1 years
old. The male-to-female ratiowas 2.1:1, and 133 (76.4%)
complete and 41 (23.6%) incomplete KD patients. The
median IVIG treatment was at 7 days (IQR: 6, 8 days),
with 19 (11.0%) given after 10 days of illness [Table 1].

Of the 174 patients, 142 (81.6%) were IVIG responders,
and 32 (18.4%) were IVIG resistant. Of the 32 patients
with IVIG resistance, 19 received a second dose of
IVIG only, ten combinations of IVIG with steroids, and
three received steroids only. All except two patients
responded to the treatment given. IVIG-resistant patients
are younger and have a high proportion of extremities
changes, higher levels of white cell count, lower

hemoglobin, hematocrit, and serum albumin compared
to the IVIG responder group [Table 1].

Logistic regression analysis for intravenous
immunoglobulin resistance risk factors

Univariate analysis revealed that extremities changes,
white blood cell (WBC) of more than 15 x 10°/L,
hematocrit <30%, and albumin <32 g/1 were significantly
associated with IVIG resistance. However, after adjusting
for age, sex, and ethnicity, only the presence of
extremities changes, WBC more than 15 x 10°/L, and
albumin <32 g/l were independent factors associated
with IVIG resistance [Table 2].

Coronary artery aneurysm and intravenous
immunoglobulin resistant

Forty-four patients (25.3%) developed CAA (29 small, 13
medium, and two giant aneurysms). There is a statistically
significant difference in IVIG-resistant patients with CAA
compared to IVIG responder patients (57.5% [19/33] vs.
23.4% [33/141], P < 0.001).

Comparison between Harada, Kobayashi, and Egami
scoring systems

Among the three scoring systems, Harada showed
significant differences between the IVIG responder and

Table 1: Comparison of patients with intravenous immunoglobulin responder and nonresponder

Variables All (n=174), n (%) IVIG responder (n=142), n (%) IVIG resistance (n=32), n (%) P*
Age (years), median (IQR) 1.4 (0.1-12.1) 1.5 (0.8-2.9) 0.9 (0.5-1.9) 0.08
Gender
Male 118 (67.8) 97 (68.8) 21 (63.6) 0.77
Female 56 (32.2) 45 (31.7) 11 (34.4)
Ethnic 0.19
Chinese 49 (28.2) 37 (26.2) 12 (37.5)
Nonchinese 125 (71.8) 105 (73.9) 20 (62.5)
KD type 0.10
Complete 133 (76.4) 105 (73.9) 28 (87.5)
Incomplete 41 (23.6) 37 (26.1) 4 (12.5)
Presenting symptoms
Rash 153 (87.9) 123 (86.6) 30 (93.8) 0.26
Cervical lymphadenopathy 131 (75.3) 105 (73.9) 26 (81.3) 0.39
Conjunctivitis 141 (81.0) 117 (82.4) 24 (75.0) 0.33
Extremities changes 121 (69.5) 93 (65.5) 28 (87.5) 0.02
Oral mucosa changes 133 (76.4) 105 (73.9) 28 (87.5) 0.10
BCG scar flaring 63 (36.2) 48 (33.8) 15 (46.9) 0.16
Perianal excoriation 32 (18.5) 28 (19.9) 4 (12.5) 0.33
Early IVIG (<5 days)
Yes 14 (8.0) 9 (6.3) 5(15.6) 0.08
No 160 (92.0) 133 (93.7) 27 (84.4)
Hemoglobin (g/L), mean+SD 10.4+1.4 10.5+1.6 9.8+1.5 0.02
Hematocrit (%), mean+SD 31.0+4.6 31.6 (29.4-33.9) 29.1 (24.1-33.2) 0.005
White cell count (x10%L), mean+SD 17.8+7.6 15.1 (11.9-20.6) 19.6 (17.5-27.5) <0.001
Neutrophils (%), mean+SD 59.3+19.0 58.8+19.3 61.1£17.9 0.21
Platelet (x10%L), mean+SD 421+208 393 (311-522) 366 (245-433) 0.06
CRP (mg/L), median (IQR) 12.1 (6.4-20.9) 10.8 (5.1-20.4) 14.8 (8.8-22.0) 0.11
ESR (mm/h), median (IQR) 64.5 (48.0-100.0) 64 (48-100) 67 (48-101) 0.85
Albumin (g/L), mean+SD 33.316.0 33.9+5.7 30.7+6.5 0.01
Sodium (mmoL/L), mean (IQR) 135 (133-137) 135 (133-137) 135 (132-136) 0.12
AST (IU/L), median (IQR) 32 (23-52) 32 (22-50) 33 (24-62) 0.50
ALT (IU/L), median (IQR) 35 (20-89) 35 (20-83) 44 (17-92) 0.81

*P<0.05 is significant. CRP: C-reactive protein, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ESR: Erythrocyte sedimentation rate,
SD: Standard deviation, IQR: Interquartile range, IVIG: Intravenous immunoglobulin, BCG: Bacillus Calmette-Guérin
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Table 2: Associated risk factors for intravenous immunoglobulin resistance among Malaysian children

with Kawasaki disease

Variables Total IVIG resistance, n (%) Crude OR (95% CI) P AOR (95% ClI)? P
Age <1 (year)
Yes 63 16 (25.4) 1.53 (0.70-3.31) 0.28 1.04 (0.41-2.62) 0.94
No 111 16 (14.4) 1.00 (reference) 1.00 (reference)
Sex
Female 56 11 (19.6) 0.88 (0.39-1.99) 0.77 1.47 (0.57-3.79) 0.21
Male 118 21(17.8) 1.00 (reference) 1.00 (reference)
Ethnicity
Chinese 49 12 (24.5) 1.70 (0.76-3.82) 0.19 2.14 (0.86-5.32) 0.10
Non-Chinese 125 20 (16.0) 1.00 (reference)
Extremities changes
Yes 121 28 (23.1) 2.30 (1.05-5.02) 0.04 4.08 (1.24-13.12) 0.02
No 53 4 (7.5) 1.00 (reference) 1.00 (reference)
WBC>15x10/%/L
Yes 101 27 (26.7) 4.96 (1.81-13.62) 0.002 4.72 (1.59-13.99) 0.005
No 73 5(6.8) 1.00 (reference) 1.00 (reference)
Hematocrit <30%
Yes 55 16 (29.1) 2.64 (1.20-5.78) 0.01 2.27 (0.86-5.98) 0.09
No 119 16 (13.4) 1.00 (reference) 1.00 (reference)
Albumin <32 g/L
Yes 59 18 (30.5) 3.14 (1.43-6.89) 0.004 3.01 (1.18-7.64) 0.02
No 114 14 (12.3) 1.00 (reference) 1.00 (reference)

aAnalyzed with multivariable binary logistic regression, enter method, corrected for age, sex, and ethnic group. OR are considered statistically
significantly different from the reference category if their 95% Cls exclude one. Cl: Confidence interval, OR: Odds ratios, AOR: Adjusted OR,

IVIG: Intravenous immunoglobulin, WBC: White blood cell

Table 3: Comparison of intravenous
immunoglobulin resistance and responder using
Harada, Kobayashi, and Egami scoring systems

Scoring Positive and negative  IVIG IVIG P
system  score resistant, responder,
n (%) n (%)
Harada Positive score (high risk) 30 (21.4) 110 (78.6) 0.036
Negative score (low risk) 2 (5.9) 32 (94.1)
Kobayashi Positive score (high risk) 15 (22.7) 51 (77.3) 0.248
Negative score (low risk) 17 (15.7) 91 (84.3)
Egami Positive score (high risk) 11 (27.5) 29 (72.5) 0.090
Negative score 21 (15.7) 113 (84.3)

P<0.05 is significant. IVIG: Intravenous immunoglobulin

IVIG-resistant groups [Table 3]. Specific analysis for each
ethnicity found a significant difference in Harada score
variables in Malay patients, P = 0.025. Harada score is
more sensitive in Malay patients at 95.8% compared
to Chinese patients at 76.5%. However, the specificity
is almost the same at 25%. For other risk scores, the
Kobayashi score has higher sensitivity at 41.7% for the
Malay compared to Chinese patients at 26.4%. For Egami,
Malay patient has a lower sensitivity at 16.7% compared
to Chinese patient at 29.4%.

The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) for each risk score
system are shown in Table 4. The sensitivity of each
scoring system was high in Harada but low in Kobayashi
and Egami (93.8%, 46.9%, and 34.4%, respectively),
and the specificity was low in Harada and highest in
Egami (22.5%, 64.1%, and 79.6%, respectively). For the
ROC curve area comparison, there is a minimal difference
between the scores.
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DISCUSSION

IVIG resistance is a significant factor associated with
CAAs.24251 Thus, identifying the risk factors associated
with IVIG resistance allows the early use of additional
therapies to avoid the development of coronary
aneurysms. In this study, we evaluate the risk factors
for IVIG resistant in children with KD.

IVIG resistance rate in this cohort was high at 20%
compared to other population-based study from
Malaysia, with a rate of 7.4%.2¢1 Nevertheless, it is still
within the recent meta-analysis studies, ranging from 5%
to 35%.11 The higher rate of IVIG resistance in this study
could be due to the study population, which involved two
major referral centers in Klang Valley, Kuala Lumpur.

Our study found that WBC of more than 15 x 10°/1,
albumin <32 g/1, and the presence of extremities changes
were associated factors for IVIG resistance. This result
correlates with a recent meta-analysis by Liu et al.” In
identified resistant cases, infliximab could be the choice
rather than IVIG to prevent aneurysms or mitigate the
severity of coronary artery disease. However, as only
three predictors were found in this study, a new risk
score for predicting IVIG resistance in this cohort could
not be developed. More extensive clinical, demographic,
and laboratory data are needed to develop new KD risk
scores for the Malaysian population.

The sensitivity and specificity vary among the three
Japanese scoring systems when used in Malaysian
children. A good sensitivity was noted with Harada only
and poor with Egami and Kobayashi scoring system.
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Table 4: The sensitivity, specificity, positive predictive value, and negative predictive value for each risk

score system

Scoring system 95% CI

Sensitivity Specificity PPV NPV Accuracy
Harada 93.8 (79.9-99.2) 22.5(15.9-30.3) 21.4 (19.3-23.6) 94.1 (80.1-98.4) 35.6 (28.5-43.2)
Kobayashi 46.9 (29.0-65.2) 64.1 (55.6-71.9) 22.7 (16.0-31.1) 84.3 (79.1-88.3) 60.9 (53.2-68.2)
Egami 34.4 (18.5-53.2) 79.6 (72.0-85.8) 27.5 (17.5-40.3) 84.3 (80.5-87.5) 71.2 (63.9-77.8)

Cl: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value

Meanwhile, the specificity was good with Egami and
poor with other scoring systems. All three-scoring
systems have a low PPV of <28% but a high NPV
of >75%. These results correlate with published
studies from different countries that reported variable
results on the diagnostic performance of these scores
in predicting IVIG resistance.l?"?7-2°1 In China, Fu
et al.BY% compared Kobayashi and Egami scores with
their new scoring system. Their new scoring system
showed better performance with 54% sensitivity, 71%
specificity, and an area under the curve of 0.72. The
new score includes polymorphous exanthema, perianal
skin, days of illness at initial treatment, percentage of
neutrophils, C-reactive protein, serum albumin, and
total bilirubin.

A combination of two or three scoring systems may
help to identify resistance cases. This is because scoring
points and items are different and using one scoring
system may not work. Harada and Egami combination
may be considered in our patients as both showed high
sensitivity and specificity, respectively.

These findings may be explained by the different
variables used in the three scoring systems. The
high prevalence of anemia of 18%-30% in children
in Malaysial®!3?l may contribute to the point in the
Harada scoring system and explain the differences
in the validity between the three scoring systems.
Even though hematocrit was the parameter used for
Harada, hemoglobin is interrelated with hematocrit.
The presence of anemia even before the diagnosis of KD
could be one factor that may explain our findings. Other
possibilities are due to multiracial and genetic variation.
A published study showed that anemia is directly related
to the significant upregulation of hepcidin expression in
KD patients.’3¥ The changes in hepcidin levels following
treatment with IVIG were found to be related to IVIG
resistance and CAA formation.34

Limitations

The limitation of this study is the small number of
patients with IVIG resistance. Even though the power of
the sample is adequate, the sample size is relatively small
compared to other studies. In addition, we have missing
data due to this study being a retrospective study. The
variable ethnic groups with unequal numbers of patients
in each ethnic group will also affect the analysis.
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CONCLUSION

The current Japanese scoring system for predicting IVIG
resistance may be unsuitable for Malaysian children
due to variations in the sensitivity and specificity
of the scoring systems. However, combinations of
scoring systems may be helpful in identifying resistant
cases. IVIG resistance was correlated with high WBC,
hypoalbuminemia, and extremities changes noted
in KD Malaysian population. Hence, we recommend
incorporating other centers in Malaysia to formulate a
new scoring system for predicting IVIG-resistant cases
in Malaysian KD cases which could be useful for early
treatment.

Data availability statement

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

Acknowledgments

We would like to acknowledge all the staff in the pediatric
cardiology unit at HTAKL and UMMC for their help in the
data collection. We also thank the Director-General of
Health Malaysia for his permission to publish this article.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Newburger JW, Takahashi M, Gerber MA, Gewitz MH,
Tani LY, Burns JC, et al. Diagnosis, treatment, and
long-term management of Kawasaki disease: A statement
for health professionals from the Committee on
Rheumatic Fever, Endocarditis, and Kawasaki Disease,
Council on Cardiovascular Disease in the Young, American
Heart Association. Pediatrics 2004;114:1708-33.

2. Burns JC, Glodé MP. Kawasaki syndrome. Lancet
2004;364:533-44.

3. Kim GB. Reality of Kawasaki disease epidemiology.
Korean J Pediatr 2019;62:292-6.

4. Ayusawa M, Sonobe T, Uemura S, Ogawa S, Nakamura Y,
Kiyosawa N, et al. Revision of diagnostic guidelines for
Kawasaki disease (the 5% revised edition). Pediatr Int

Annals of Pediatric Cardiology / Volume 16 / Issue 2 / March-April 2023



10.

11.

12.

13.

14.

15.

16.

17.

18.

2005;47:232-4.

JCS Joint Working Group. Guidelines for diagnosis
and management of cardiovascular sequelae in
Kawasaki disease (JCS 2013). Digest version. Circ J
2014;78:2521-62.

McCrindle BW, Rowley AH, Newburger JW, Burns JC,
Bolger AF, Gewitz M, et al. Diagnosis, treatment, and
long-term management of Kawasaki disease: A scientific
statement for health professionals from the American
Heart Association. Circulation 2017;135:e927-99.

Kibata T, Suzuki Y, Hasegawa S, Matsushige T,
Kusuda T, Hoshide M, et al. Coronary artery lesions
and the increasing incidence of Kawasaki disease
resistant to initial immunoglobulin. Int J Cardiol
2016;214:209-15.

Baek JY, Song MS. Meta-analysis of factors predicting
resistance to intravenous immunoglobulin treatment
in patients with Kawasaki disease. Korean J Pediatr
2016;59:80-90.

Liu G, Wang S, Du Z. Risk factors of intravenous
immunoglobulin resistance in children with Kawasaki
disease: A meta-analysis of case-control studies. Front
Pediatr 2020;8:187.

Tremoulet AH, Best BM, Song S, Wang S,
Corinaldesi E, Eichenfield JR, et al. Resistance to
intravenous immunoglobulin in children with Kawasaki
disease. J Pediatr 2008;153:117-21.

Li X, ChenY, Tang Y, Ding Y, Xu Q, Sun L, et al. Predictors
of intravenous immunoglobulin-resistant Kawasaki
disease in children: A meta-analysis of 4442 cases. Eur
J Pediatr 2018;177:1279-92.

Tan XH, Zhang XW, Wang XY, He XQ, Fan C, Lyu TW,
et al. A new model for predicting intravenous
immunoglobin-resistant Kawasaki disease in Chongqing:
A retrospective study on 5277 patients. Sci Rep
2019;9:1722.

Song MS. Predictors and management of intravenous
immunoglobulin-resistant Kawasaki disease. Korean J
Pediatr 2019;62:119-23.

Lin MT, Chang CH, Sun LC, Liu HM, Chang HW,
Chen CA, et al. Risk factors and derived Formosa score
for intravenous immunoglobulin unresponsiveness in
Taiwanese children with Kawasaki disease. ] Formos
Med Assoc 2016;115:350-5.

Harada K. Intravenous gamma-globulin treatment in
Kawasaki disease. Acta Paediatr Jpn 1991;33:805-10.

Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K,
Tomomasa T, et al. Prediction of intravenous
immunoglobulin unresponsiveness in patients with
Kawasaki disease. Circulation 2006;113:2606-12.

Egami K, Muta H, Ishii M, Suda K, Sugahara Y,
Iemura M, et al. Prediction of resistance to intravenous
immunoglobulin treatment in patients with Kawasaki
disease. J Pediatr 2006;149:237-40.

Rigante D, Andreozzi L, Fastiggi M, Bracci B, Natale MF,
Esposito S. Critical overview of the risk scoring
systems to predict non-responsiveness to intravenous
immunoglobulin in Kawasaki syndrome. Int J Mol Sci
2016;17:278.

Annals of Pediatric Cardiology / Volume 16 / Issue 2 / March-April 2023

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Zahari, et al.: IVIG resistant KD: Risk factors in children

Fabi M, Andreozzi L, Corinaldesi E, Bodnar T, Lami F,
Cicero C, et al. Inability of Asian risk scoring systems
to predict intravenous immunoglobulin resistance and
coronary lesions in Kawasaki disease in an Italian cohort.
Eur J Pediatr 2019;178:315-22.

Sleeper LA, Minich LL, McCrindle BM, Li JS, Mason W,
Colan SD, et al. Evaluation of Kawasaki disease
risk-scoring systems for intravenous immunoglobulin
resistance. J Pediatr 2011;158:831-5.e3.

Dallaire F, Dahdah N. New equations and a critical
appraisal of coronary artery Z scores in healthy children.
J Am Soc Echocardiogr 2011;24:60-74.

Yang HM, Du ZD, Fu PP. Clinical features of recurrent
Kawasaki disease and its risk factors. Eur J Pediatr
2013;172:1641-7.

Muhammad Ismail HI, Mohd Ibrahim H, Hoong Phak N,
Thomas T, editors. Kawasaki disease. In: Paediatric
Protocols for Malaysian Hospitals. 4 ed. Kuala Lumpur:
Ministry of Health, Malaysian Paediatric Association;
2019. p. 230-2.

Adachi S, Sakaguchi H, Kuwahara T, Uchida Y, Fukao T,
Kondo N. High regression rate of coronary aneurysms
developed in patients with immune globulin-resistant
Kawasaki disease treated with steroid pulse therapy.
Tohoku J Exp Med 2010;220:285-90.

Uehara R, Belay ED, Maddox RA, Holman RC,
Nakamura Y, Yashiro M, et al. Analysis of potential
risk factors associated with nonresponse to initial
intravenous immunoglobulin treatment among
Kawasaki disease patients in Japan. Pediatr Infect Dis
J 2008;27:155-60.

Mat Bah MN, Alias EY, Razak H, Sapian MH, Foo FH,
Abdullah N. Epidemiology, clinical characteristics,
and immediate outcome of Kawasaki disease:
A population-based study from a tropical country. Eur
J Pediatr 2021;180:2599-606.

Davies S, Sutton N, Blackstock S, Gormley S, Hoggart C]J,
Levin M, et al. Predicting IVIG resistance in UK Kawasaki
disease. Arch Dis Child 2015;100:366-8.

Jarutach J, Roymanee S, Wongwaitaweewong K.
Verification of “Japanese Scoring Systems” to predict
IVIG resistance and identification of predictors for
IVIG resistance in Thai children with Kawasaki disease.
Pediatr Cardiol 2021;42:1799-804.

Xie LP, Gong J, Fu Y, He L, Chu C, Yan WL, et al.
Questioning the establishment of clinical prediction
model for intravenous immunoglobulin resistance in
children with Kawasaki disease. Chin J Evid Based Pediatr
2019;14:169-75.

Fu PP, Du ZD, Pan YS. Novel predictors of intravenous
immunoglobulin resistance in Chinese children
with Kawasaki disease. Pediatr Infect Dis ]
2013;32:e319-23.

Poh BK, Ng BK, Siti Haslinda MD, Nik Shanita S, Wong JE,
Budin SB, et al. Nutritional status and dietary intakes
of children aged 6 months to 12 years: Findings of
the Nutrition Survey of Malaysian Children (SEANUTS
Malaysia). Br J Nutr 2013;110 Suppl 3:521-35.

Ngui R, Lim YA, Chong Kin L, Sek Chuen C, Jaffar S.

107



Zahari, et al.: IVIG resistant KD: Risk factors in children

33.

108

Association between anaemia, iron deficiency anaemia,
neglected parasitic infections and socioeconomic factors
in rural children of West Malaysia. PLoS Negl Trop Dis
2012;6:e1550.

Huang YH, Kuo HC, Li SC, Cai XY, Liu SF, Kuo HC. HAMP
promoter hypomethylation and increased hepcidin

levels as biomarkers for Kawasaki disease. ] Mol Cell
Cardiol 2018;117:82-7.

34. Kuo HC, Hsu YW, Wu MS, Chien SC, Liu SF, Chang WC.

Intravenous immunoglobulin, pharmacogenomics,
and Kawasaki disease. J Microbiol Immunol Infect
2016;49:1-7.

Annals of Pediatric Cardiology / Volume 16 / Issue 2 / March-April 2023



